Abstract Late blight is a devastating and worldwide potato and tomato disease caused by Phytophthora infestans (Mont.) de Bary. The aim of the study was to compare P. infestans isolates collected from potato and tomato plants by determining their virulence, aggressiveness, and sporulation intensity on both hosts in reciprocal testing with the goal of elucidating possible host specialization of the pathogen. Isolates were multiplied on leaflets of their primary hosts. In total, 76 potato-derived P. infestans (P) isolates and 100 tomato-derived P. infestans (T) isolates collected from 2005 to 2007 were studied in detached-leaflet assay experiments. Virulence was assessed on Black's potato differentials R1-R11 and cv. Bzura, as well as on the set of six tomato genotypes, namely cv. New Yorker (Ph-1 gene), Solanum pimpinellifolium L 3708 (Ph-3), West Virginia'63 (Ph-2), West Virginia 700 (Ph-1, Ph-2), Ottawa 30 (Ph-1, Ph-2), and BALU-30 (Ph-1, Ph-2, fruit resistance). Aggressiveness scored as disease severity and sporulation intensity assessed on a 0-3 grade scale were evaluated on leaflets of susceptible cultivars of both hosts. All 176 of the tested isolates were pathogenic to both hosts, indicating that extreme host specialization has not occurred. However, we did observe differences between P and T virulence spectra and their race structures supporting the notion of host adaptation of P. infestans. P and T isolates were more frequently virulent to differentials of their own hosts. P isolates had higher sporulation intensity on their own hosts than on tomato hosts, while for T isolates a similar sporulation intensity was observed on both hosts. Significantly stronger severity of the disease development on T testers was evoked by T isolates. All isolates showed stronger aggressiveness on susceptible potato than on susceptible tomato hosts, and the latter finding indicates a relatively greater suitability of potato host tissue for P. infestans pathogenicity. The host adaptation observed in this study was not conditioned by an ability to evoke disease, but rather by quantitative differences in pathogenic fitness. Genetic characterization of P and T populations is needed to place the present findings in a fuller context.
Introduction
Late blight is a devastating disease of potato and tomato worldwide caused by the oomycete Phytophthora infestans (Mont.) de Bary. Observations of P. infestans pathogenicity in potato and tomato were first reported in the first half of the 20th century, when breeding for resistance to late blight in both species was initiated (Giddings and Berg 1919; Black 1952; Ferguson et al. host species identity on pathogenicity has been analyzed since the mid-20th century (Mills 1940; Gallegly 1952) .
In recent decades, a large body of evidence has been gathered on the increased genetic variation and pathogenicity of P. infestans, when new populations were observed in a number of geographical areas owing presumably to pathogen migration (Fry 2008 ). An important aspect of the noted variation is this pathogen's variability in pathogenicity and virulence toward the host. Quantitative assessments of the fitness parameters of P. infestans have been conducted mostly with detached-leaf or leaflet assays (Goodwin et al. 1995; Legard et al. 1995; Świeżyński et al. 2000) . Although P. infestans isolates are obtained from both potato and tomato, aggressiveness and virulence tests of the isolates have been evaluated primarily on potato differentials (Lebreton and Andrivon 1998; Dorrance et al. 1999; Vega-Sánchez et al. 2000; Derie and Inglis 2001; Klarfeld et al. 2009; Blandón-Diaz et al. 2012; Harbaoui et al. 2013) . Aggressiveness and virulence of isolates from potato and tomato have also been compared on leaflets of the two host plants (Wilson and Gallegly 1955; Oyarzun et al. 1998; Lebreton et al. 1999; Jaime-Garcia et al. 2000; Cohen 2002 ; Knapova and Gisi 2002; Blandón-Diaz 2011) . Sporulation of isolates has also been observed in a few experiments (Legard et al. 1995; Lebreton et al. 1999; Knapova and Gisi 2002; Klarfeld et al. 2009 ), indicating that the pathogen undergoes adaptation to the host. However, our understanding of the pathogenic specialization of the late blight pathogen is incomplete. Most isolates have been observed to be more aggressive to their original host species (Legard et al. 1995; Oyarzun et al.; Lebreton et al. 1999; Vega-Sánchez et al. 2000) , with very rare exceptions (Blandón-Diaz 2011) .
P. infestans isolates are often stored on artificial media and/or multiplied on potato tuber slices or leaves before being subjected to host adaptation experiments, even if the original host species of the isolate was tomato (Legard et al. 1995; Lebreton and Andrivon 1998; Dorrance et al. 1999; Vega-Sánchez et al. 2000) . These procedures may influence aggressiveness and virulence results (Zarzycka 1995 (Zarzycka , 1996 . Thus, the aim of this study was to evaluate host specificity of P. infestans isolates collected from potato and tomato fields and multiplied on their primary hosts. Reciprocal testing of the virulence, aggressiveness, and sporulation intensity of P. infestans isolates was performed on both hosts to elucidate possible host specialization of the pathogen.
Materials and methods

Host source plants
Isolates of P. infestans were collected over a period of 3 years in different regions of Poland. In 2005, isolates were collected from Małopolskie, Mazowieckie, Podkarpackie, and Świętokrzyskie. In 2006, isolates were collected from Wielkopolskie, Podkarpackie, and Pomorskie. In 2007, isolates were collected from Mazowieckie, Ł ódzkie, Po dkarpac kie, and Świętokrzyskie. They were collected from production fields, small gardens, and covered crops. In total, 76 isolates were collected from potato plants and 100 from tomato plants.
Leaflets
Leaflets used in the experiments were collected from cultivars and lines of both host species. The leaflet source plants were grown in a glasshouse or in plastic tunnels. Potato testers were planted three times along the vegetation season from May until August in peat-soil substrate in plastic pots of 23 cm diameter and were grown in a glasshouse. Tomato plants were grown from seeds, first transplanted into 10-cm pots in the glasshouse and then in the beginning of June planted in the soil with a peat substrate in the plastic tunnel.
Lateral leaflets were collected from the middle part of 6-8-week-old potato plants and from the third to sixth fully expanded leaves counting from the top of 14-18-week-old tomato plants. Specifically, potato leaflets were collected from a variety of P. infestans-susceptible cultivars, including Craigs Royal, Tarpan, Bintje, and Black's 11 differentials with single R genes ranging from R1 to R11 (Malcolmson and Black 1966; Skidmore and Shattock 1985) , supplemented with cv. Bzura with R1 and R2-like genes (Plich et al. 2015) . Meanwhile tomato leaflets were collected from two susceptible cvs, namely Moneymaker or Lubań, and a set of six tomato differentials with various resistance genes: cv. New Yorker (Ph-1 gene; Cohen 2002), cv. West Virginia'63 (Ph-2 gene; Laterrot 1975) , West Virginia 700 and Ottawa 30 accessions (Ph-1 and Ph-2 genes; Michalska and Pazio 2005), Solanum pimpinellifolium (previously Lycopersicon pimpinellifolium) L 3708 (Ph-3 gene; Black et al. 1996; Chunwongse et al. 2002) , and the breeding line BALU-30 (Ph-1 and Ph-2 genes supplemented with high fruit resistance).
Determination of aggressiveness, virulence, and sporulation intensity P. infestans isolates from potato were multiplied on leaflets of susceptible cvs Craigs Royal and Tarpan, whereas isolates from tomato were multiplied on leaflets of susceptible cvs Moneymaker and Lubań. Detached leaflets were placed in plastic boxes on wet wood wool. Five leaflets of each tomato and two leaflets of each potato differential were inoculated with each isolate being tested. All isolates were tested in two duplicate experiments.
Virulence defined as the capacity of a pathogen to infect a plant with one or more major genes for resistance (Niks et al. 2011) was assessed on Black's potato differentials R1-R11 and cv. Bzura, as well as on the set of six tomato differentials. Aggressiveness defined as the capacity of an isolate of a natural pathogen to infect a host species (not possessing major resistance genes) or susceptible genotype to a higher degree than other isolates was evaluated on leaflets of the aforementioned susceptible cultivars of both hosts using the modified 1-9 Disease Severity scale as described by Zarzycka (2001) (see below) .
Inocula of the isolates consisted of a sporangial suspension prepared from sporulating lesions adjusted (with a haemocytometer) to a concentration of 5×10 4 sporangia ml
. After 2 h of conditioning at 7°C, two 30-μl drops of inoculum were placed on the abaxial side of each leaflet. Glass-covered boxes were placed in a cool, illuminated chamber (16°C, 2100 lx). After 24 h, the leaflets were inverted.
Virulence of the isolates was evaluated 7 days after inoculation in a binary fashion: present or absent. Avirulent isolates were those that were not sporulated and caused no lesions or lesions with clear edges, and not bigger than the area of the inoculation drop (up to 3 % of leaf area). Virulent isolates were able to sporulate and cause lesions of an area bigger than that of the inoculation drop. Isolates and race complexity were characterized by two indices: C i , the mean number of virulence factors per isolate; and C p , the mean number of virulence factors by race. These indices were calculated according to the following formulas (Andrivon 1994) :
; where j ¼ 1…N p and
where v j is the number of virulence genes of the jth race and p j represents the frequency of the phenotype j in the population, and N p the number of races identified among isolates. Sporulation intensity tested on susceptible cultivars of both hosts was scored 7 days after inoculation on a 0-3 scale, where: 0=no sporulation 1=weak sporulation with rare, sparsely branched sporangiophores 25/mm 2 2=medium or abundant sporulation with numerous, branched sporangiophores 100/mm 2 3=very abundant sporulation with very numerous, branched sporangiophores 300/mm 2 A modified 1-9 Disease Severity scale (Zarzycka 2001) was applied 7 days after inoculation for the visual estimation of the pathogenicity of T and P isolates to the set of tomato differentials: 9-no symptoms or little necrosis, no sporulation; 8-spots covering 3 % of the leaflet area with clear edges, very weak sporulation; 7-spots with washed away edges covering 3.1-10 % of leaflet area, sporulation more abundant; 6-spots with washed away edges covering 10.1-25 % of leaflet area, sporulation abundant; 5-spots covering 25.1-75 % of leaflet area, sporulation abundant; 4-spots covering 75.1-90 % of leaflet area, sporulation abundant; 3-spots covering 90.1-97 % of leaflet area, sporulation abundant; 2-spots covering 97.1-99 % of leaflet area, sporulation very abundant; 1-spot covering the whole leaflet, sporulation very abundant.
Statistical analysis
To compare frequencies of virulent P and T isolates a chi-square test was performed. The analyses of variance were done to reveal host-origin and tester (potato and tomato) differences in isolate aggressiveness (Table 4) and to reveal host-origin and tomato tester differences in disease severity. In both cases, leaflet infection score means of potato and/or tomato leaflets were subjected to two-way analyses of variance. In the case of analyzing tomato testers inoculated with two types of isolates, the design had unequal sizes of treatment combinations due to different numbers of tested isolates and some missing combinations. To avoid problems with uncertain statistical inference from the analysis of an incomplete-design study, statistical analysis was done for the complete 2007 data. To find means that are significantly different from each other, Tukey's HSD tests were performed.
It should be noted, that measurements of aggressiveness and pathogenicity were carried out using 1-9 Disease Severity scores, which do not make an interval scale, hence do not fulfill assumptions of ANOVA. However, these values can be considered usable in such statistical parametric analysis since respective mean values of these scores were used in calculations and all statistical inferences concern those mean values exclusively, without reference to actual values of infection. All tests and analyses were done in Statistical Analysis System (SAS® version 9.2, 2009).
Results
Virulence
Potato differentials
All of the 76 P. infestans isolates collected from potatoes (P) were virulent to the Black's differentials R1, R3, R4, R7, R10 and R11. Frequency of virulent P isolates to the differentials R2, R5, R6, R8 and cv. Bzura was higher than the frequency of avirulent ones. The frequency of virulent isolates was very low for the R9 differential only (Table 1) .
The virulence observed on potato differentials for most of the 100 tomato-derived P. infestans (T) isolates (trans-host species inoculations) differed from that observed for the potato-derived P. infestans (P) isolates (cis-host species inoculations). Almost all T isolates similarly to P isolates were able to infect Black's differentials R3, R4, and R7 in duplicate tests. However, differentials R1, R10 and R11 were infected significantly less frequently by T isolates than by P isolates (p<.0001). Virulent T isolates were also significantly less frequent than P isolates to the remaining differentials R2, R5, R6, R8, R9 and cv. Bzura. (Table 1) .
Tomato differentials
As reported in Table 2 , all 176 tested isolates, independent of their origin, were virulent to susceptible cv.
Moneymaker, as well as to cv. New Yorker (Ph-1) and S. pimpinellifolium L 3708 (Ph-3). The mean frequencies of P isolates virulent to West Virginia'63 (Ph-2), West Virginia 700 (Ph-1, Ph-2), and Ottawa 30 (Ph-1, Ph-2) were relatively high (range 0.59-0.83), but lower than those of virulent T isolates to these differentials (range 0.85-0.95) and this difference was statistically significant for West Virginia'63 and West Virginia 700 ( Table 2 ). The tester BALU 30 (Ph-1, Ph-2, and fruit resistance) was used for virulence testing in 2007 only, and the frequencies of virulent P and T isolates to BALU 30 were 0.63 and 0.75, respectively.
Race structure Complexity of P. infestans races was evaluated on the set of Black's potato differentials. Among 44 races identified from all 176 tested isolates, 30 were found among T isolates only, two among P isolates only, and 12 in both groups of isolates. As summarized in Table 3 , P isolates had a higher mean number of virulence factors, C i , and a higher mean number of virulence factors per race, C p , than T isolates, indicating that the former were more complex than the latter. The range of complexity of P and T isolates was 6-11 and 2-11 virulence factors per race, respectively. The most frequent P races were those with 10 or 9 virulence factors: 1.2.3.4.5.6.7.8.10.11 (16 isolates), 1.2.3.4.5.6.7.10.11 (16 isolates), and 1.2.3.4.5.7.8.10.11 (10 isolates). The most frequent T races were 1.3.4.7 (12 isolates) and 1.3.4.7.8.10.11 (10 isolates). The complexity of P. infestans races collected from potato was similar in 3 years of testing. On the contrary, in 2007, more than half of the T isolates (29/53) represented simpler races with fewer virulence factors (≤5) than in 2005 and 2006 (Table 3) . Of 37 isolates found in 2007 in tomato fields that were located far from potato production, 22 had simple virulence, with 2-5 virulence factors.
Aggressiveness and sporulation intensity
As shown in Table 4 , aggressiveness to potato leaflets of P isolates collected over 3 years was significantly higher than that of T isolates. Conversely, the tomato-derived isolates were more aggressive than P isolates on susceptible tomato cv. Moneymaker. This tendency was observed in 3 years of testing, however there was some variation in the aggressiveness of the isolates (Table 4) .
The most intensive sporulation of 76 potato-derived P. infestans isolates tested over 3 years was observed on the potato leaflets (Table 4) . P isolates expressed a lower intensity of sporulation on tomato leaflets than on potato leaflets. In turn, the sporulation intensities of T isolates were similar on susceptible potato and tomato leaflets, with the highest frequencies of isolates being class 3 in both cases (Table 4) .
Pathogenicity of P and T isolates to tomato differentials in 2007
In 2007, the pathogenicity of 35 P and 53 T isolates was evaluated on seven tomato differentials, representing donors of various P. infestans resistance genes. The cv. Moneymaker and five tomato differentials were significantly more infected by T isolates than by P isolates (p <.01), with lower scores signifying stronger severity of the disease development. The exception was West Virginia 700, which was affected similarly by P and T isolates (Fig. 1) . The cultivars Moneymaker, New Yorker, and S. pimpinellifolium L 3708 belong to a homogeneous group that was in general more susceptible to infection with isolates of both origins than were other tomato differentials. The intermediate disease severity group consisted of cv. West Virginia'63, the West Virginia 700 and Ottawa 30 accessions. As compared to the latter group, the BALU 30 line expressed significantly lower disease severity with P isolates (7.79), but a statistically similar score with T isolates (Fig. 1) . Representative examples of reciprocal P. infestans infection of potato and tomato differentials with T and P isolates are shown in Fig. 2 . 
Discussion
The present study was focused on detection of host adaptation in isolates originating from potato and tomato plants. A key aspect of our experiment was that the collected isolates (76 P and 100 T) were maintained on their respective host plants to protect their potential adaptive characteristics. In most other studies, P. infestans isolates have been maintained on agar medium, although some have conducted multiplication of isolates on potato tissue Legard et al. 1995; Forbes et al. 1997; Lebreton and Andrivon 1998; Dorrance et al. 1999; Lebreton et al. 1999; Vega-Sánchez et al. 2000) . The loss of pathogenicity of isolates during long-term culturing on agar has been noted by some authors (Wilson and Gallegly 1955; Jinks and Grindle 1963) . Zarzycka (1995 Zarzycka ( , 1996 noticed a significant decrease in aggressiveness and virulence of P. infestans isolates maintained on rye agar, whereas isolates maintained on potato leaflets were more aggressive and had a wider virulence spectrum, with less variability of both characteristics. Thus, it appears that the method of isolate multiplication adopted before testing might influence experimental results. The P isolates in this study were virulent to 10 potato differentials and cv. Bzura, but not to the R9 differential. The virulence spectra of isolates recently collected from potato in Poland (Śliwka et al. 2006; Chmielarz et al. 2014) were similar to our results. The frequencies of P isolates that were virulent against respective R-genes in our study were higher than those reported by Andrivon et al. (1994) , Świeżyński et al. (2000) , Knapova and Gisi (2002), and Blandón-Diaz et al. (2012) . On the whole, the P isolates tested in this study showed 100 % of virulent forms against R1, R3, R4, R7, R10, and R11 and frequent presence of virulence against R5, R6, and R8 differentials. Meanwhile, virulence spectrum data for 4584 European isolates sampled for two decades as part of the Eucablight project (www.eucablight.org) and for 743 isolates sampled in 2003 in four Nordic countries (Lehtinen et al. 2008) showed similar tendencies to our data.
We found that T isolates had fewer virulence factors against potato differentials than had P isolates, as reflected by the frequency of virulent isolates. This finding is in agreement with prior studies by Lebreton and Andrivon (1998) , Oyarzun et al. (1998) , Knapova and Gisi (2002), and Blandón-Diaz et al. (2012) , and indicates lower host specificity of T isolates than P isolates to a potato host. Cohen (2002) found that P and T isolates collected in Israel between 1998 and 2000, when heavy epidemics of late blight occurred in tomato, had similar complex virulence spectra with unexpectedly high frequencies of the factor against the R9 gene and low frequency of the factor corresponding with R2. Cohen concluded that T isolates were locally evolved from the P population and acquired specialization to tomato.
The complexity of P. infestans races and isolates was described by the C p and C i indices, respectively, in our study. Both indices were higher for P isolates than for T isolates, confirming higher complexity for P isolates. Indeed, greater complexity of P isolates and more pathotypes of Polish P. infestans were observed than has been observed for populations from four Nordic countries (Lehtinen et al. 2008 ), a Nicaraguan population (Blandón-Diaz 2011), and a Peruvian population (with the exception of 5 isolates from Huanuco; Perez et al. 2001) . Note that Polish P isolates had a higher value of C i than C p , indicating that the most complex races were predominant among the most common pathotypes. Similarly to other studies in the literature, rare virulence factors (e.g., against R9) in highly complex pathotypes were observed (Andrivon 1994; Andrivon et al. 1994; Lehtinen et al. 2008) . The pronounced presence of highly complex pathotypes in a recent potato-infecting P. infestans population could be the result of sexual reproduction of the pathogen in Poland (Chmielarz et al. 2014 ).
Relative to P isolates, we found that T isolates were more variable and had an enhanced presence of relatively simple P. infestans races (with four virulence factors) as well as slightly more representation of races with sevenfactor complexity. The C i index was lower than the C p index in T isolates, confirming a relatively simpler virulence structure of the most common tomato-derived pathotypes. Similar simpler virulence structure of T isolates than P isolates collected in France and Switzerland in 1996-1997 was found by Knapova and Gisi (2002) . In 2007, a group of 22 T isolates with low numbers of virulence factors (from 2 to 5) was collected from tomato fields located far from any potato fields. As discussed by Lebreton and Andrivon (1998) and Lebreton et al. (1999) , the occurrence of simpler T isolates may be the result of a loss of adaptability to a potato host. Interestingly, the simple virulence spectrum of this group of isolates on potato testers was not associated with lower aggressiveness or a more narrow virulence spectrum on tomato testers.
A relatively small number of studies have examined the virulence spectrum of both P and T isolates on tomato plants, in which resistance comes from various sources (Chen et al. 2008) . Our set of tomato testers was composed of six genotypes with diverse known tomato resistance genes (e.g., Ph1, Ph2, Ph3, and fruit resistance with an undefined genetic background). Surprisingly, the virulence of P and T isolates on testers with Ph-1 and Ph-3 genes was similar; that is, all 176 isolates tested were virulent towards plants with both genes. The resistance governed by Ph-1 has been present in tomato cultivars bred since the 1960s. According to Fry (2008) , this resistance was overcome by a new population of P. infestans in the 1980s and 1990s. The cv. New Yorker is a flagship example of this resistance conquest (Nowicki et al. 2013 ). The gene Ph-3 has been described as highly effective against a wide range of P. infestans isolates and has been explored in tomato breeding (AVRDC 1993; Foolad et al. 2008; Chunwongse et al. 2002; Nowicki et al. 2013 ). In Taiwan, Chen et al. (2008) found that only 34 tomato isolates (races T1 or T1,2) of 177 tested were avirulent to seedlings of the differential with the Ph-3 gene. However, substantial infection of Ph-3 carrying hosts in detached leaflets may reflect a higher sensitivity of leaflets of this genotype than the whole seedlings. Resistance expression of this genotype is age sensitive as discussed by Nowakowska et al. (2014) . In the present study, virulence frequencies were higher among virulent T isolates than P isolates for tomato differentials that include Ph-2, namely West Virginia'63 (Ph-2), West Virginia 700 (Ph-1, Ph-2), Ottawa 30 (Ph-1, Ph-2), and BALU-30 (Ph-1, Ph-2, and fruit resistance). Thus, the frequencies of virulence factors in reciprocal testing indicate that there has been some adaptation of both potato and tomatoderived populations of P. infestans to their respective hosts.
We obtained additional evidence of adaptation in the isolates pathogenicity observed on six tomato differentials and cv. Moneymayker infected with 53 T and 35 P isolates from 2007. The cv. New Yorker and line S. pimpinellifolium L 3708 were the most severely infected. The forms with the Ph-2 gene were less prone to infection, with the weakest infection being observed for BALU-30. However, in each of these cases, P isolates induced significantly lower disease severity on tomato differentials than did T isolates. Similarly, Lebreton et al. (1999) and Knapova and Gisi (2002) found that lesions induced on tomato leaves by P isolates spread much more slowly than lesions caused by T isolates. Hence, similar pathogenic tendencies were observed for P and T isolates on tomato testers, but disease severity was stronger for the T isolates, indicating that they were better adapted to infect tomato tissue.
Our findings indicate that BALU-30 (selected by A.M. Michalska) may be an effective source of lateblight resistance for tomato plants in Poland. BALU-30 originated from a cross of Ottawa 30 with the line BA, which served as a donor of fruit resistance (Bednara et al. 1996) . Line BA was produced by a cross between the cv. The Amateur and the line Beaverlodge 6703 (obtained by R. E. Haris at the Agriculture Canada Research Station, Beaverlodge, Canada).
In our reciprocal testing, all of the studied isolates were pathogenic to both hosts and all were more aggressive on potato than tomato, which was consistent with prior studies by Knapova and Gisi (2002) and Vega-Sánchez et al. (2000) . Similarly to Knapova and Gisi (2002) , we also found that P isolates had greater sporulation intensity on potato hosts, with that on tomato hosts being one grade lower, whereas Tisolate sporulation intensities were similar (high) with both hosts. These findings support the conclusion that potato tissue is a better host than tomato tissue for P. infestans, as exemplified in Fig. 2 .
Aggressiveness and sporulation intensity findings for isolates from different hosts have been contradictory in the literature. For example, Blandón-Diaz et al. (2012) found that P and T isolates collected in Nicaragua were more aggressive on tomato leaflets than on potato leaflets. Legard et al. (1995) identified among P isolates tomato-nonaggressive and tomato-aggressive isolates, with the latter causing severe disease on both hosts, though more severely on tomato. In laboratory experiments, Lebreton et al. (1999) found weaker sporulation of T isolates on potato leaflets than of P isolates. Interestingly, Lee et al. (2002) have suggested that lower aggressiveness of P. infestans isolates to tomato may be modulated by a mutation in a single locus, with low aggressiveness to tomato being the dominant phenotype for that locus. This hypothesis posits that high aggressiveness toward tomato may have evolved independently via mutations in various pathogen genotypes in different locations in the world.
In conclusion, although we did not find evidence of extreme host specialization in the present study, we did find that the virulence spectra of the P and T isolates, their race structures, and the weaker sporulation intensity of P isolates on tomato supported the notion that the P. infestans isolates had adapted to some extent to their host of origin. On the other hand, the stronger aggressiveness of all isolates on potato compared to tomato hosts and the similar sporulation intensities of T isolates on both hosts suggest that potato is a better suited host than tomato for P. infestans infection and development. The present evidence in support of host adaptation was not conditioned by an ability to cause disease, but rather by quantitative differences in pathogenic fitness (Vega-Sánchez et al. 2000) . Genetic characterization of representative samples of P and T populations is needed to place the present findings in a fuller context.
